Absorption spectra in the far and intermediate infrared, as well as Raman and vibronic spectra were measured for three crystalline forms of four-ligand europium chelate with dibenzoylmethane and piperidine and a three-ligand chelate in the spectral ranges: 40-450, 450-4500, 0-4500 and 0-1600 cm " x, respectively.
Introduction
The complex conpounds of europium with /?-diketones are the reaction products of the enolic form of ß-diketone and the three-positive europium ion. Such complexes crystallize in solutions in the presence of organic or inorganic bases, the role of which in the complex has not yet been elucidated. Not only its function consists in the compensation of one negative charge located on the ligand but it also en ables certain spatial structures of the complex to be formed [1] ,
The complex of europium and dibenzoylmethane in the form of Eu (DBM)4 HP, where DBM and P de note dibenzoylmethane, and piperidine, respectively, is an example of such a complex for which the organic base -piperidine -affects the formation of diversified spatial structures. Spectroscopic experiments show that the reaction yields three different crystalline forms of four-ligand chelate depending on the crystal lization conditions [2, 3] ,
In the present paper, the infrared, Raman and vi bronic spectra of the above chelates have been ana lyzed, with the possible bondings of piperidine in the complex molecule of the four-ligand chelates being presented and the interpretation of the identified vi brational modes being given.
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Experimental
Molecular crystals were obtained from methanol solutions by the method described previously [3] . Three different crystalline forms of four-ligand chelates and one three-ligand chelate were obtained, which, for simplification, have been designated in the present paper by A, B, C and T, respectively. For chelates A and C, the molar ratio of europium:dibenzoylmethane:piperidine in the solu tion was 1:5:100 and 1:5:10, respectively. Chelate B was obtained by recrystallization of chelate A. Threeligand chelate T was obtained by thermal decom position of chelate A or B lasting for 6 hours at 460 K under a pressure of 10" 6 mm Hg. All chelates were obtained as microcrystalline powders.
The spectra of chelates T, A, B, C and DBM, P in the far infrared (FIR), 40-450 cm" \ and intermediate infrared (IR), 450-4500 c m " \ were recorded by means of a Perkin-Elmer 180 spectrophotometer. For the recording of the FIR spectra, suspensions of mi crocrystalline powder of the chelates and DBM on Nujol mulls were used, whereas for the IR spectra tablets of KBr were prepared.
The Raman spectra (RS) were recorded in the range of 0-4500 cm "1 by means of a GDM-1000 Carl-Zeiss Jena Raman spectrophotometer after argon laser exci tation at / = 488 nm. The spectra were examined for the chelate and DBM microcrystalline powders.
The FIR, IR and Raman spectra were measured at room temperature. The frequencies of the spectra were read with an accuracy of ± 1 cm-1.
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The vibronic spectra of the chelates were measured in the range of 0-1600 cm-1 using a PGS-2 spectro graph with photoelectric recording. The fluorescence spectra were measured for samples placed in liquid nitrogen. Microcrystalline powder was excited using an HBO-50 lamp, with a wavelength of 365 nm being selected with a filter. An FEU-51 photomultiplier was used in the experiment. The frequencies obtained from the spectra were determined within an accuracy of ± 3 cm-1.
Results and Discussion
The FIR and Raman spectra of the chelates in the range of 40-450 cm-1 are shown in Figs Tables 1 and 2 present the vibration frequencies determined from the above and the vibronic spectra (VIB).
The vibration frequencies of the VIB were obtained from the fluorescence spectra as the differences be tween the wavenumbers of the pure electronic transi tion 5D0 -> 7F0 and the vibronic transitions, since at 77 K the transitions from the lowest vibrational level 5D0 to those of level 7F0 are predominant [4] , The change in the location of atoms surrounding the Eu3 + ion in the organic complex induces a local dynamic crystalline field which interacts with the electrons of the 4f shell of the Eu3+ responsible for the emission spectra [5, 6] . The interaction depends on the symme try of the electronic states as well as on the vibrational modes. Thus, such bands occur only in VIB for which an interaction exists between the created phonon and the electronic transition. The frequencies of the phonons may correspond to the modes of normal vibra tions of the complex molecule or to the modes of the crystalline lattice.
The frequencies in the VIB spectra of chelates in vestigated below 250 cm "1 correspond in principle to Eu -O vibrations coupled with those of the individual bondings in the complex, which in turn are coupled with the deforming vibrations of the chelate ring through which the interaction with the Eu3+ state occurs. The last column in Tables 1 and 2 gives the interpretation of the individual vibrations based on the data from literature and the analysis of the vibra tional spectra of dibenzoylmethane (DBM) and piper- [7] .
Several frequencies in the IR and Raman spectra of the chelates investigated correspond to the vibrations of the phenyl group and the C -H bond in the ligand (Figs. 3, 4 , Table 2 ) [8, 9] . The occurrence of two fre quencies instead of one characterizing the vibration of the C = C bond in the chelate ring is related to its coupling with the phenyl group. The interaction of these groups causes the anharmonicity of the C = C bond vibrations resulting in the occurrence of two bands with frequencies 1550 and 1600 cm-1 (Figs. 3, 4, Table 2 ), [10] [11] [12] , As seen in Table 2 , the frequencies characteristic of the intramolecular vibrations in the piperidine mole cule occur in the vibrational spectra of chelates A, B and C. These frequencies do not occur for chelate T due to the removal of piperidine as a result of thermal decomposition. The analysis of the vibrations of the NH group in the range of 3300-3430 cm "1 leads to the conclusion that the P molecules exist in different 40-450 cm \ Jsh shoulder; 2 vw-very weak; 3w weak; 4 m-medium 5s-strong; *vs-very strong. [7] (5(NH ...O) [10] (Eu-O) and lattice [7] (Eu-O) [7] (Eu-O) and lattice [7] (Eu-O) [7] (Eu -O) and ö chel. ring [7] def. chel. ring [12, 14] (Eu -O) and ö chel. ring [7] (Eu -O); y (C -C) ph. ring [7] (Eu-O) and ö chel. ring [7, 13] energetic configurations with respect to the complex. A frequency of 3352 cm "1 occurring for chelates A and C is characteristic of the vibrations of the "free" NH group, which suggests that molecules P could conceivably fill up the crystalline lattice without creat ing bonds between each other (this is possible thanks to the excess of piperidine in the crystallization pro cess), as well as with the complex. A frequency of 3315 cm "1 obtained from the Raman spectra for chelates B and C indicates the existence of hydrogen bonding (NH ... N) between the P molecules, whereas a frequency of 3426 cm-1 for chelates A, B and C is characteristic of the NH, group vibration in the piper idine ion [11] , The occurrence of frequency 3300 cm "1 for chelates A and B, characteristic of the stretching vibration of the NH group bounded by hydrogen bridge with oxygen [10] enables to conclude that part of molecules P are bound to the complex by hydrogen bonding. This could be supported by the occurrence of frequency ~ 185 cm-1 in the vibrational spectra (Figs. 1 and 2, 
